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Oka, Y., Osakabe, M., Nagaoka, K., Kaneko, O. 
The LHD is equipped with three tangential negative-NB 
injectors in which the injection energy of hydrogen beam is 
as high as ISO - 180 keY. In this high-energy NBI heating in 
which the electron heating is dominant, there are two 
scenarios to raise the ion temperature. One is to increase the 
direct ion heating power, and the other is to improve the ion 
transport. To enhance the ion heating power effectively, we 
have produced bigh-Z plasmas at low density [1,2]. We have 
also superposed the centrally focused ECRH to the high-Z 
NBI plasma as one approach to improve the ion transport. 
In the Ne- and. Ar-seeded discharges, the ionization 
(absorption) rate of the injected neutral beam is enhanced by 
about 1.5 times compared with the H,-puffed ones in 
low-electron density plasmas below 0.5xIO'9m-3, and the 
direct ion heating power is much enhanced with a reduced 
number of ions. To avoid dilution of the high-Z plasmas with 
the residual hydrogen, the intensive Ne- and Ar-glow 
discharge cleaning was performed. As a result, the H, partial 
pressure is much decreased by one order of magnitude, 
indicating reduction of the wall-absorbed hydrogen. 
Figure I shows the time evolution of density and 
temperatures in an Ar-puffed plasma. The central ion 
temperature, measured with the Doppler broadening of an 
X-ray line of ArXVII, reaches 10 keY with an injection 
power of 12.2 MW, around a third of which is absorbed at an 
electron density of 0.37xlO'9m·] In Ar- and Ne-puffed 
plasmas the ion temperature is increased with an increase in 
the direct ion heating power normalized by the ion density. 
Compared with the hydrogen discharges, the normalized ion 
heating power is much enhanced by a factor of around 5 in 
the high-Z plasmas by both an increase in the beam 
absorption power and a reduction of the ion number. 
When centrally focused ECRH is superposed on the NBI 
plasmas, improvement of the electron transport was 
observed in LHD [I]. However, no definite increase in the 
ion temperature has been observed, probably because the ion 
heating power is too small in low-density hydrogen plasmas 
due to the high injection energy. Figure 2 shows the 
comparison between the NBI-only plasma and the 
NBI+ECRH plasma in low-density Ne-puffed discharges. 
By the superposition of the ECRH the electron temperature 
is much increased to 3 keY from 2 keY, and accordingly the 
ion temperature is also increased by a factor of 1.5. Since the 
electron-ion heat exchange time is as long as a few seconds 
for both Ar and H ions and an increase in the ion heating 
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Time evolution of various plasma parameters 
in a low-density high-Z plasma. 
ratio by the electron temperature rise is as small as about 
10 %, it is suggested that the ion temperature increase 
should be due to an improvement of the ion transport. 
1\vo scenarios for increasing the ion temperature, i.e., to 
increase in the direct ion heating power and to improve the 
ion transport, are experimentally demonstrated with high-Z 
plasmas in LHD. The above results suggest that high ion 
temperature should be achieved as well in hydrogen 
discharges if the. direct ion heating power is increased to the 
same power as that in the high-Z discharges. 
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Fig. 2 Comparison between the NBI-only plasma and 
the NBJ+ECRH plasma in Ne-puffed discharges. 
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